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The article, therefore, proposes a new framework for the performance evaluation of the 
manufacturing industry, which is based on the composite performance indicator. This indicator 
is obtained by a cross-sectoral comparison of all sub-key performance indicators. Using cluster 
analysis and analysis of variance, a total of 6 indicators to evaluate performance in the manufacturing 
industry were selected as statistically significant. The added value of the whole concept is its direct 
independence on the economic situation, which eliminates short-term economic oscillations that 
would be reflected in classical methods of performance evaluation otherwise. The results show that 
some industries are more efficient in the long run due to their effective investments in the capital, 
which replaces the labour factor and creates room for the realization of relatively higher profits. By 
contrast, some sectors, despite high investments, do not achieve the desired level of performance 
– these investments are not efficient or they are complementary to the labour factor, thus denying 
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economically unsustainable in the long run.
Keywords: Performance, efficiency, industry, added value, investment, Key Performance Indicators.
JEL Classification: L60, O31.
APA Style Citation: Hedvičáková, M., & Král, M. (2021). Performance Evaluation Framework 
under the Influence of Industry 4.0: The Case of the Czech Manufacturing Industry. E&M 
Economics and Management, 24(1), 118–134. https://doi.org/10.15240/tul/001/2021-1-008
Introduction
The manufacturing industry is key to the Czech 
economy and has deep roots in its history. The 
manufacturing industry accounts for about 35% 
of the national economy. It also has a dominant 
position compared to other countries of the 
European Union. The manufacturing industry 
also contributed the most to the creation of 
the gross domestic product in 2018. It also 
plays a significant role in employment policy, 
with around 40% of the economically active 
population in the manufacturing industry. In the 
manufacturing industry, the largest employers 
are manufacture of transport equipment and 
manufacture of metal structures. The average 
wage in all sections of the manufacturing 
industry is also increasing year by year. The 
manufacturing industry also plays an important 
role in terms of innovation, new technologies and 
investments. Another important information: in 
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the Czech Republic in 2018, the manufacturing 
industry accounted for about one-third of the 
gross value added. Domestic production of 
manufacturing in 2018 increased by 3.3% year-
on-year.
To strengthen and maintain the 
competitiveness of the Czech economy, the 
Czech government approved the Industry 4.0 
initiative in August 2016. Industry 4.0 is also 
referred to as the fourth industrial revolution and 
significantly changes the nature of the industry 
and other parts of the national economy. This 
initiative has already been approved in most 
countries of the European Union but also other 
countries (USA, China, etc) (Association of 
Small and Medium-sized Enterprises and Self-
employed Persons of the Czech Republic, 
2019; The Ministry of Industry and Trade of the 
Czech Republic, 2018a).
The concept of Industry 4.0 was first 
mentioned at the trade fair in Hanover in 
Germany in 2011. This concept of Industry 
4.0 is a massive implementation of new 
information technologies and the digitization 
of manufacturing processes (Maresova et al., 
2018). Although industrial processes are more 
automated, human performance is still the main 
factor responsible for product quality and factory 
productivity (Flynn et al., 2017; Peruzzini et al., 
2017).
The need to evaluate the efficiency and 
performance of production and production 
factors and the long-term position and 
development of the industry to ensure the 
sustainability of individual industrial sectors 
leads to the compilation of new methods of 
measuring performance. These methods are 
adapted to the current situation – especially 
to external factors and internal requirements. 
Companies in the Czech Republic slowly 
begin to leave the analysis of the development 
of individual ratios and looking for new 
sophisticated (Asmalovskij et al., 2019; Hálek 
et al., 2020; Karl et al., 2018; Pavelková et 
al., 2018; Vimrová, 2015). Zizlavsky (2016) 
proved that many enterprises still do not 
measure innovation performance despite 
the importance of innovation as an engine of 
growth. Only a few organisations appear to 
have an effective system for measuring their 
overall innovation performance. One option is 
Key Performance Indicators (KPIs), which can 
provide performance information in a broader 
context. However, in the context of performance 
evaluation, sustainability must be taken into 
account simultaneously.
Currently, the economies of most countries 
are affected by the economic consequences 
of coronavirus pandemic. Many companies 
will have economic problems and will have to 
look for new ways to make their production 
processes even more efficient. For this reason, 
there is also a more massive promotion of 
digitization and home-office. Companies will 
have to look for new methods to measure their 
performance and compare them with each 
other.
1.	 Theoretical	Background
Key Performance Indicators (KPIs) are essential 
for monitoring performance in the industry. They 
can be used to identify poor performance and 
improvement potential. KPIs can be defined 
for individual equipment, sub-processes, and 
whole plants. KPIs can measure different types 
of performances, for example, energy, raw-
material, control & operation, maintenance, etc 
(Ali & Nakosteen, 2005; Hedvičáková & Král, 
2019; Lindberg et al., 2015).
The appropriate selection and improved 
understanding of the KPIs could help the 
manufacturing enterprises fulfil the desired 
business objectives (Kang et al., 2016). 
Indicators KPIs can be used in almost all 
industries and sectors. KPIs for construction 
deal with, e.g. (Al-Tmeemy et al., 2011; Chan 
et al., 2004; Chan & Chan, 2004; Cheung et al., 
2004; Jahangirian et al., 2017; Kumaraswamy 
et al., 2017; Lam et al., 2007; Luu et al., 2008).
The international standard ISO 22400 has 
defined a set of Key Performance Indicators 
(KPIs) to evaluate the performance of 
manufacturing operations (Zhu et al., 2017). 
A set of 34 KPIs has been introduced in ISO 
22400 (Zhu et al., 2018). However, the KPIs in 
a manufacturing system are not independent, 
and they may have intrinsic mutual relationships 
(Kang et al., 2016). To make defined KPIs more 
suitable for evaluating operational performance 
in the manufacturing industry, we propose 
various methods for measuring performance 
and organizing KPIs for the manufacturing 
industry.
This article proposes a methodology 
for compiling a composite performance 
indicator, which uses partial key performance 
indicators and thus freely follows the analysis 
of performance from Hedvičáková and Král 
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(2019) for the manufacturing industry. The 
manufacturing industry is an industry that 
significantly influences the level of the entire 
economy, and the Czech economy has an 
irreplaceable role. The manufacturing industry 
involves the mechanical, physical, or chemical 
conversion of materials or components into new 
products (goods). The result of the production 
process is either finished products intended for 
use or consumption, or semi-finished products.
The manufacturing industry is a concrete 
industry, and the classic ratios are insufficient 
from our point of view to evaluate its 
performance. The proposals for measuring 
performance using various indicators depend on 
their specific values, and the economic situation 
strongly influences these values in industrial 
sectors. In some periods, performance is higher 
(over something) due to economic growth, 
while sometimes it is underestimated due to 
recession. The main goal is to present a system 
of performance evaluation, which eliminates 
these factors as much as possible and identify 
those sectors that are long-term stable and 
have the potential for further development in 
the economic environment versa.
Therefore, manufacturing industries 
 nowadays implement a performance 
measurement system to evaluate the operating 
state of their manufacturing activities (Ali & 
Nakosteen, 2005; Franceschini et al., 2007; 
Neely et al., 1995; Zhu et al., 2017). The 
importance of key performance indicators (KPIs) 
is to quantify the efficiency and effectiveness 
of the management of production operations 
and for the implementation of strategic goals of 
management and process improvement (Braz 
et al., 2011; Hálek et al., 2020; Hedvičáková 
& Král, 2019; Lindberg et al., 2015; Zhu et al., 
2018, 2017).
Of course, the introduction of the proposed 
performance indicators will also bring problems. 
Peral et al. (2017) argue that KPIs are not 
always well known, and sometimes, it is difficult 
to find a suitable KPI to match every business 
goal. Braz et al. (2011) shown the difficulty and 
complexity in reviewing and updating an existing 
PMS. The problem is related to the involvement 
of PMS users, the assessment of performance 
measures, and data availability. Complexity is 
similar to changes in information technology to 
implement the change in procedure for computing 
the measures. KPIs tell you what to do to increase 
performance dramatically (Graham et al., 2015). 
KPIs should be selected through discussions with 
stakeholders (employees, managers, customers) 
(Globerson, 1985) and related to the business 
objectives (strategy) (Globerson, 1985; Graham 
et al., 2015; Sorovou et al., 2001) to enable 
progress to be assessed against these objectives 
both internally and externally (Graham et al., 
2015; PriceWaterhouseCoopers, 2007). Falle et 
al. (2016) also show that it is important to take 
into account the specific characteristics of SMEs 
when developing SBSCs and to use methods 
that allow them to adapt to prevailing conditions, 
such as strategic management, organizational 
structure, and resources.
Many authors also discuss the performance 
of companies in developing sustainability. 
Rajnoha et al. (2017) found that the BSC 
methodology has a demonstrable impact on 
business performance. The performance of 
companies is also affected by the KPI system 
and environmental orientation. If companies 
do not have a knowledge information system 
as a complex system and do not consider their 
implementation, they tend to have a lower 
level of performance. For example, Hsu et al. 
(2017) focused on increasing the gross margin 
share derived from the adopted sustainability 
strategy. Ferreira et al. (2016) emphasized 
the need to consider the overall costs and 
investments associated with environmental 
protection. Woerd and Brink (2004) explained 
the importance of financial indicators related 
to sustainability to evaluate value creation 
(Hristov et al., 2019; Hristov & Chirico, 2019). 
Hedvičáková and Král (2019) emphasize that 
KPI analysis can also be used to analyse how 
individual industries respond to the economic 
recession, which is now very relevant at the 
time of the coronavirus pandemic. An example 
is an automotive industry, which represents 
a significant share of the Czech industry 
(Hedvičáková & Král, 2019).
Boďa and Úradníček (2020) also highlight 
the sorely unnoticed fact that the key ratio of 
financial analysis, return on equity, may easily 
attain non-sense values and these should be 
removed before compiling financial analysis; 
otherwise, industry statistics are biased upward 
regardless of what measure of central tendency 
is made use of.
2.	 Materials	and	Methods
The number of industry-focused publications 
that assess their performance is clear evidence 
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that industrial relations play an essential role 
in the EU Member States and society. This 
fact is, among other things, the basis for the 
requirements for data collection and evaluation, 
which allows a comparison of the positions of 
individual EU countries, for example, using 
a unified Industrial relations index, which is 
processed by Eurofond. Industrial relations 
index is a composite index that comprehensively 
measures country performance in four 
dimensions – industrial democracy, industrial 
competitiveness, social justice, and quality of 
work and employment – and industrial relations 
systems as a whole. All of them with the range 
[0, 100], where the higher the score, the better 
the performance of the industrial relations 
system (Eurofond, 2020).
The article’s main goal is to introduce 
a new system for evaluating the performance of 
industries based on a composite performance 
indicator. The added value of this new 
performance evaluation methodology is the use 
of relatively simple and unified key performance 
indicators and the separation of direct and 
explicit dependence on external economic 
influences. This way, it can provide production 
managers, company management, and political 
representatives with useful information about 
the performance of industries. This information 
has considerable potential for defining 
those sectors whose development has been 
inefficient for a long time and the principles of 
its operation in the future in an environment of 
free competition unsustainable.
Some of the core findings presented in 
several studies that deal with performance 
evaluation are taken into account in the 
framework. Namely, Hedvičáková and Král 
(2019) have set the eight performance 
indicators (ratios) to assess the area of 
industry: added value per employee, added 
value in relation to cost, turnover per employee; 
earnings before taxes and interest (EBIT) per 
employee, investment per employee, a share of 
investments of the total costs, added value in 
relation to investments, and EBIT in relation to 
investments. Turley et al. (2015) and Robbins 
et al. (2016) use seven different financial 
indicators to evaluate public performance 
to propose a framework for calculating one 
composite index using a benchmark score. 
Other researches (Amrina & Yusof, 2011; Huff, 
2011; Raynsford, 2000; Zafra-Gómez et al., 
2009) used different methods for assessing 
the performance, but all of them are usable for 
evaluating in a long-term period. For example, 
Amrina and Yusof (2011) propose a set of 
initial key performance indicators (KPIs) for 
sustainable manufacturing evaluation believed 
to be appropriate to automotive companies, 
consisting of three factors divided into nine 
dimensions and a total of 41 sub-dimensions. 
Huff (2011) evaluates the performance 
by rating, taking into account four areas – 
economic situation, financial performance, debt 
service costs, and management quality. Zafra-
Gomez et al. (2009) divided indicators into 
several groups – short-term liquidity, budget 
solvency, long-term solvency, service-level 
solvency. It also considers the development of 
their values. According to Raynsford (2000), the 
KPI framework should consist of seven main 
groups: Time, Cost, Quality, Client Satisfaction, 
Client Changes, Business Performance, Health, 
and Safety (Raynsford, 2000). All of the authors 
mentioned above see one of the advantages of 
performance indicators their relative simplicity 
and easy presentability, which makes them 
more useful in the practical field.
At the same time, knowledge of the 
appropriate number of key performance 
indicators in already published studies is 
taken into account. The optimum number of 
KPIs is, unanimously in the literature, fewer 
than 20 (Graham et al., 2015). Kaplan and 
Norton (1992) recommend fewer than 20 KPIs, 
Parmenter (2015) about 10, while Hope and 
Fraser (2003) and PriceWaterhouseCoopers 
(2007) suggest fewer than 10 KPIs. KPIs should 
also be placed in context, showing trends as 
well as absolute performance (Graham et al., 
2015; PriceWaterhouseCoopers, 2007).
To determine the development and 
current performance of individual industries 
the first performance ratios are used, which 
are added value per employee, added value 
in relation to cost, turnover per employee; 
earnings before taxes and interest (EBIT) per 
employee, investment per employee, a share 
of investments of the total costs, added value 
in relation to investments, EBIT in relation 
to investments. Subsequently, using these 
performance indicators, a cluster analysis 
is performed, which identifies the industrial 
sectors of both the primary economic industries 
according to CZ-NACE, as well as their sub-
components, with different degrees of long-
term performance. The division into a total of 4 
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clusters using the Euclidean distance is chosen, 
with each group can represent a certain degree 
of performance of a given industry. Within this 
cluster analysis, those performance indicators 
are also identified that are statistically significant 
for this division into clusters (the significance 
level alpha = 0.05 is used).
The following section introduces a new 
framework for evaluating performance based 
on a composite performance indicator. The 
calculation of this indicator is based on the 
point evaluation of the efficiency of each 
industry according to each of the performance 
indicators that were identified as statistically 
significant in the cluster analysis. For each 
industry, the current value of each selected 
(significant) performance indicator is first 
calculated. Subsequently, all industries are 
sorted in descending order from the value 
representing the highest performance to the 
lowest performance. In the next step, points are 
assigned to the sector, according to the quartile 
in which they are divided (the first quartile = 3 
points, the second quartile = 2 points, the third 
quartile = 1 point and the fourth quartile = 0 
points). The sum of the points creates the 
so-called composite score (indicator) of 
performance. This composite performance 
indicator, by contrast to the performance 
evaluation by several different indicators, 
provides summary information on how stable, 
efficient, and sustainable given industrial sector 
is. It is also possible to evaluate the trend of 
development of each industrial sector in the 
long-term period.
At the end of the empirical part, the 
interdependence between selected indicators 
related to investments is presented. These 
results are confronted with the performance 
results of individual industries, including 
graphical representation – differences and the 
same features are presented. The results of 
this analysis complement the overall view of the 
mutual performance of industries and can also 
serve as background information on the trend in 
which the performance of individual sectors will 
develop in various economic situations.
Publicly available data on the manufacturing 
industry in the Czech Republic are used as 
a basis for analyses. These are the essential 
characteristics of each industry according 
to CZ-NACE codes, these characteristics 
include, for example, accounting data and 
economic results (especially profit, sales, costs, 
investment), financial data (e.g., added value, 
performance ratios) and other identification 
data (e.g., number of companies, number of 
employees).
Most of these data are obtained by the 
Czech Statistical Office through a combination 
of exhaustive and sample survey methods. The 
survey is carried out by the Czech Statistical 
Office once a year in accordance with approved 
regulations (Czech Statistical Office, 2019), 
using electronic or paper forms. The structured 
data are subsequently published in cooperation 
with the Ministry of Industry and Trade of the 
Czech Republic (The Ministry of Industry and 
Trade of the Czech Republic, 2018b, 2018a).
3.	 Results
3.1	 Performance	Indicators
To identify key performance indicators that are 
important for detecting differences in individual 
industries’ performance, cluster analysis, 
and subsequent analysis of variance were 
performed. The division into a total of 4 clusters 
using the Euclidean distance is chosen. Within 
this cluster analysis, those performance 
indicators are also identified that are statistically 
significant for this division into clusters (the 
significance level alpha = 0.05 is used).
The cluster analysis inputs were 
performance indicators that were designed to 
evaluate the manufacturing industry sectors 
according to various key performance indicators 
(Hedvičáková & Král, 2019) and are in line with 
the findings presented by other authors (see the 
section on materials and methods). They are:
 Added value per employee;
 Added value in relation to cost;
 The turnover per employee;
 Earnings before taxes and interest (EBIT) 
per employee;
 Investment per employee;
 A share of investments of the total costs;
 Added value in relation to investments;
 EBIT in relation to investments.
All values of these indicators were 
standardized at first, so that all variables gained 
the same weights, thus eliminating the risk that 
some of the values will dominate and therefore 
skew the results. The cluster analysis results 
show a relatively high similarity between the 
different industries (see Fig. 1).
A separate cluster consists of the production 
of computer and optical and electronic products. 
This sector is characterized by a high level 
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of total costs, especially investments, which 
harms added value in relation to total costs. On 
the other hand, it achieves a high level of added 
value per employee or sales per employee and, 
in terms of the firm’s managerial theory, can be 
assessed as one of the most successful.
A smaller group is formed by the sector of 
textile production, leather and related products, 
and clothing production. These sectors differ 
from the others by worse results of indicators 
taking into account the number of employees 
– low levels of investment, sales, and added 
value. This is a consequence of a higher degree 
of deployment of manual work, which is currently 
not appreciated, among other things, as a result 
of cheap competition from Southeast Asia.
Another group of industries is, for example, 
the production of beverages, the production of 
paper and paper products, or the production 
of basic pharmaceutical products and 
pharmaceutical preparations. These sectors 
achieve the highest values of performance 
indicators taking into account the number of 
employees due to the high share of investment 
costs (on average 6.72%). Thus, the shift 
to production automation and robotics has 
a positive effect on reducing operating costs, 
such as wages, and thus leads to greater 
independence of labour availability.
The last group of industries is also, to some 
extent, dependent on human resources’ manual 
labour, but characterized by a higher degree of 
added value. These are, for example, electrical 
equipment, fabricated metal products, except 
machinery and equipment, food products, and 
furniture production.
Fig. 1: Dendrogram using average linkage
Source: own
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Analysis of variance (ANOVA) was also 
performed as part of the cluster analysis. 
It aimed to determine which performance 
indicators are statistically significant for 
cluster formation (at the level of significance 
alpha = 0.05). It turned out that a total of 6 out 
of 8 performance indicators differ statistically 
significantly among the individual clusters. Only 
two indicators (the share of investments in total 
costs, and EBIT in relation to investments) 
do not differ statistically significantly between 
different groups. Unlike other indicators, 
they are not used in the framework to set the 
composite performance indicator.
3.2	 Performance	Evaluation
To determine the composite performance 
indicator, a total of 6 sub-performance indicators, 
which were identified as statistically significant in 
the cluster analysis, were used. The principle of 
calculating the composite performance indicator 
is based on the scoring of each industrial sector 
according to the quartile in which it is located 
according to each performance indicator.
At first, quartile values for each performance 
indicator were identified (see Tab. 2). Data 
for the period 2008–2018 were used. In the 
following steps (i.e., the use of a point evaluation 
as a proxy variable), it was not necessary to 
continue with standardized data – for better 
interpretation, non-standardized data are used.
For each indicator value of the manufacturing 
industry, each industrial sector was assigned 
a point value, according to the quartile in which 
the value of each index was included: 1st 
quartile = 3 points, 2nd quartile = 2 points, 3rd 
quartile = 1 point, and 4th quartile = 0 points. 
The composite indicator is then defined as the 
sum of these individual points. As these points 
are assigned to the industry for each of the six 
indicators, the composite performance indicator 
can reach a maximum of 18 points.
While the distribution of the values of the 
quartiles of the added value in relation to costs 
is relatively even, for the other indicators, 
it significantly deviates – the differences 
between the first two quartiles are significantly 
higher than between the second two quartiles. 
Although this fact may have an impact on the 
overall evaluation of performance according 
to a composite indicator, which uses point 
values according to quartiles, it is necessary to 
keep in mind that these are long-term average 
values of these indicators. Due to the variance 
of these values over time and because point 
values are assigned according to quartiles to 
the whole group of industries, the distribution of 
specific values of indicators for each industry is, 
therefore, marginal in the overall scale.
The values of the composite performance 
indicators are presented in Tab. 3. At the 
same time, these values of composite 
indicators are used to determine the long-term 
performance of individual industries. This long-
term performance is calculated as the sum of 
individual composite performance indicators in 
the period 2008–2018. Based on this sum, each 
industrial sector is classified into an individual 
quartile from the most efficient (Q1) to the least 





Mean square Mean square
Added value/costs 3.166 3 0.677 17 4.680 0.015
Investments/costs 2.245 3 0.839 17 2.675 0.080
EBIT/employee 4.777 3 0.392 17 12.175 0.000
Added value/employee 5.246 3 0.310 17 16.950 0.000
Turnover/employee 5.462 3 0.271 17 20.124 0.000
Investments/employee 6.521 3 0.085 17 77.149 0.000
Added value/investments 5.739 3 0.223 17 25.789 0.000
EBIT/investments 2.199 3 0.847 17 2.595 0.086
Source: own
Tab. 1: Analysis of variance (ANOVA)
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groups of sectors according to the performance 
quartile is illustrated in Fig. 2.
The evaluation of the performance of 
individual industrial sectors shows that in the 
long run (between 2008 and 2018), with a few 
exceptions, there are no significant fluctuations 
in their performance. Most of all industries, 
regardless of external circumstances, achieve 
approximately the same results compared 
to other industrial sectors. This is evident, for 
example, in the case of beverage production, 
which achieved the best results over the 
whole sectors between 2008 and 2018, and, 
conversely, in the case of manufacture of textiles, 
which reached the worst results (compared to 
other industries). However, despite the stability 
of most sectors, exceptions can be found. It is, 






















(3 points) > 31.27% > 320.32 > 840.41 > 3,718.45 > 233.84 > 5.02
Q2 
(2 points) ≤ 31.27% ≤ 320.32 ≤ 840.41 ≤ 3,718.45 ≤ 233.84 ≤ 5.02
Q3 
(1 point) ≤ 26.23% ≤ 197.16 ≤ 726.83 ≤ 2,688.52 ≤ 153.45 ≤ 4.65
Q4 
(0 points) ≤ 22.24% ≤ 127.87 ≤ 606.51 ≤ 2,263.36 ≤ 136.19 ≤ 4.32
Source: own
Tab. 2: Quartile limit values for each performance indicator
Fig. 2: Development of performance of the manufacturing industry sectors according to performance quartiles
Source: own
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and metallurgical processing of metals, which 
was affected by the consequences of the 
financial crisis to such an extent that there was 
a significant drop in sales and profits compared 
to other sectors, which resulted in a reduction 
in overall performance. However, in the period 
of subsequent economic growth (from 2011 to 
2018), this sector also reached similar values 
as before the financial crisis.
3.3 Industry 4.0 Context
The contribution of the implementation of the 
principles of Industry 4.0 in the context of long-
term performance leading to the economic 
sustainability of industrial sectors can be 
illustrated in two very similar, but also different, 
industries – beverage production (Q1) and 
food production (Q4). The beverage industry 
is characterized up to three times higher 
investments in relation to total costs. These 
investments lead to a reduction in operating 
costs and thus increased profits in the future. 
By contrast, the production of food products, 
due to lower investments, achieves lower 
added value and lower turnover and profits.
It might seem that increasing the level of 
investment automatically leads to a reduction 
in costs, an increase in sales and profits in the 
long run, and consequently to a higher level 
of efficiency and independence from external 
sources of financing (such as subsidies). 
However, no other statement is further from the 
truth, as illustrated in Fig. 3.
Although, in general, the industries of all 
quartiles have a similar level of investment in 
total costs, the industries included in the Q1 
Industry 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Σ Q
Beverage production 15 16 15 15 14 15 15 15 15 16 16 167 Q1
Basic pharmaceutical products and preparations 16 14 16 15 15 15 16 13 15 13 12 160 Q1
Chemicals and chemical products 11 10 12 13 14 12 14 13 12 13 13 137 Q1
Other non-metallic mineral products 15 13 13 11 10 11 11 12 12 12 12 132 Q1
Rubber and plastic products 9 10 11 11 13 13 12 13 13 12 9 126 Q1
Motor vehicles, trailers and semi-trailers 10 9 12 12 11 11 12 12 12 13 11 125 Q2
Other transport equipment 9 12 11 13 13 11 11 11 10 8 7 116 Q2
Paper and paper products 10 11 9 9 9 8 9 9 10 11 11 106 Q2
Electrical equipment 7 9 12 10 11 10 8 9 8 9 8 101 Q2
Basic metals, metallurgical processing of metals 13 4 6 10 7 9 11 8 8 8 11 95 Q2
Fabricated metal products, except machinery 7 7 7 6 8 9 7 8 8 9 10 86 Q2
Printing and reproduction of recorded media 9 11 8 7 8 6 7 9 7 6 5 83 Q3
Computer, electronic and optical products 6 5 5 6 7 7 10 9 8 8 7 78 Q3
Manufacture of wood, cork, and straw products 6 7 5 6 7 7 6 6 8 9 11 78 Q3
Machinery and equipment not specified elsewhere 6 6 8 7 8 7 8 7 6 6 6 75 Q3
Other manufacturing industry 8 9 8 6 6 7 4 6 6 6 8 74 Q3
Wearing apparel 6 6 6 6 6 6 6 6 6 6 6 66 Q4
Leather and related products 6 6 6 5 3 6 3 6 5 4 6 56 Q4
Food products 6 7 4 4 3 4 3 3 4 3 3 44 Q4
Furniture production 3 4 1 5 3 4 4 4 5 5 5 43 Q4
Manufacture of textiles 2 4 5 3 4 2 3 1 2 3 3 32 Q4
Source: own
Tab. 3: Values of the composite performance indicators between 2008–2018
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quartile show a much higher rate of profitability 
according to the EBIT/employee indicator. The 
difference is in the investment approach:
Investments in more efficient industrial 
sectors (Q1) are much more efficient than 
in others. There can be several reasons. 
First, more efficient investments in modern 
technologies, for example, lead to higher 
added value and thus to increased profitability. 
Second, investment (capital) can replace human 
labour and thus streamlining production. An 
important element from the point of view of 
economic efficiency is the subsequent reduction 
in the number of employees, which leads to 
a reduction in costs and thus to an increase in 
profit. Conversely, investing as a complement to 
the labour factor ultimately increases costs, but 
may not lead to increased profitability, as may be 
the case in the food or textile industries. Besides, 
these industries are characterized by the 
production of products at very low price elasticity. 
Achieving higher profitability, in this case, is 
much more complicated than, for example, in the 
chemical or pharmaceutical industry.
For this reason, it is more appropriate 
to monitor the amount of investment per 
employee. If labour is replaced by capital, the 
number of employees decreases, and thus 
the total operating costs decreases, the added 
value increases, and profitability increases. 
Therefore, it can be assumed that the higher the 
investment per employee, the higher the profit 
per employee. This statement is also supported 
by the graphic representation, which shows 
the difference between the various groups of 
industries (Fig. 4).
A direct linear relation of these two 
indicators can be observed in all sectors – 
the higher the investment per employee, the 
higher the EBIT per employee. At the same 
time, the difference between the various 
groups of industries is quite clear – while the 
Fig. 3: The relation between the share of investments in total costs and EBIT  per employee
Source: own
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most efficient ones achieve the highest levels 
of investment and profit, the least efficient 
industries have the lowest ratio.
Specifically, we can mention, for example, 
the production of chemicals and chemical 
preparations, the pharmaceutical industry and 
the production of beverages – these sectors 
have achieved one of the highest profits per 
employee in the long run. From the point of view 
of the concept of industry 4.0, the production of 
beverages in comparison with food production 
is particularly interesting. In comparison with 
food production, the production of beverages is 
associated with a relatively high rate of capital 
utilization and a relatively low rate of human 
labour. On the contrary, the food industry, but 
also the production of furniture or textiles, 
achieves the lowest profits, as it is highly 
dependent on human labour and a high share 
of investment in these areas does not bring 
such significant added value compared to other 
sectors (higher added value leads to higher 
profits) see Fig. 5.
Given these findings, it can be stated that 
some less efficient industries (see Tab. 3) 
do not achieve the desired results (added 
value, profit) despite a relatively significant 
share of investment in total costs. At a time 
of economic growth, this is not a big problem. 
Unfortunately, this problem can become 
significant in times of economic recession. For 
example, most economic operators are now 
starting to save more, postpone purchases or 
prefer cheaper products. However, cheaper 
products are usually the result of more efficient 
production. If some industries do not invest in 
streamlining production, but only renew current 
amount of capital, there is a significant risk 
that they will not be able to compete with, for 
example, production from abroad. Thus, some 
less efficient industries will face difficulties 
and become economically “unsustainable” 
Fig. 4: The relation between investments per employee and EBIT per employee
Source: own
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because they do not have the high profits 
needed to build up the necessary reserves, 
even in times of economic growth. Although, 
the tools to address this potential situation 
exist (for example, the already mentioned state 
interventions, restructuring, or others), from 
an economic point of view, it will be a form of 
failure that will only distort the market more in 
the future.
Discussion	and	Conclusion
Nowadays, more and more attention is being 
paid to the Industry 4.0 initiative, which is also 
called the Fourth Industrial Revolution. This 
initiative brings with it a significant contribution 
to new technologies as well as to innovations 
by substituting labour by capital. Currently, 
there is also constant pressure to increase the 
efficiency and profitability of production while 
declining costs. Related to this is a fundamental 
question – how to measure and evaluate the 
results of management in the manufacturing 
industry and the performance of its sectors.
For this reason, a review of the literature was 
performed to present industrialization in selected 
countries. At the same time, the indicators 
used for economic efficiency measuring 
was presented. Attention was also paid to 
specific procedures for measuring efficiency 
and related findings (e.g., characteristics of 
selected indicators, number, etc). The common 
benefits of all methods for evaluating efficiency 
and performance are obtaining information 
that can be used, for example, by company 
management, and by political representatives, 
and thus collecting useful information about 
companies’ performance in individual industries. 
Unfortunately, the methods of performance 
evaluation that are different sectors, there 
is no comprehensive assessment of their 
performance in a way that will not be affected 
Fig. 5: The relation between investments per employee and added value per employee
Source: own
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by short-term economic fluctuations (Zizlavsky, 
2016). This information is essential for defining 
industries in which development is inefficient or 
uncompetitive in the long run.
Based on selected eight KPIs, which have 
already been used to evaluate performance 
in the manufacturing industry, a total of 6 
indicators were identified as statistically 
significant through cluster analysis and analysis 
of variance. Therefore, these indicators were 
used in the proposed framework to calculate 
the composite performance indicator. The 
procedure for determining this composite 
indicator is based on a cross-sectoral 
comparison of each performance indicator’s 
values. This method eliminates short-term 
economic effects that may cause rapid growth 
or decline in some indicators’ values. The value 
of the composite performance indicator can be 
used for the identification of long-term trends in 
the performance development of all branches 
of the manufacturing industry subsequently.
The most productive sectors (Q1) are the 
beverage production, basic pharmaceutical 
industry, and chemical industry, and the least 
productive areas (Q4) include, for example, 
the food products industry, furniture industry, 
and manufacture of textiles. The difference 
between the performance of individual sectors 
is given both by the amount of investment in 
relation to total costs and in the added value 
created. Industry 4.0 initiative (promoting new 
technologies and robotization of production) 
is applied mainly in the better-rated sectors. 
In other industries, investment in the capital is 
inefficient; to a large extent, these investments 
are only supplements to human labour or 
a simple renewal of capital without significant 
technological improvement. In terms of long-
term development, only some industries 
continue to reduce operating costs and increase 
profits and increase production efficiency.
Based on the results of this research, the 
assumption that with the increasing level of 
investment in production will automatically be 
a long-term reduction in costs, an increase in 
revenues, and thus an increase in profits, is 
wrong in the long run. Although all industries 
have achieved an equal share of investments in 
total costs since 2008, the industries included 
in the Q1 quartile show a much higher rate of 
profitability than others. The main explanatory 
factors are the greater emphasis on raising the 
technological level and substitution of labour 
by capital – the industries of the Q1 quartile 
replace labour with capital (i.e., they reduce 
the number of employees while maintaining 
a high level of added value) to a much greater 
extent than all others, leading to the highest 
level of profitability. For this reason, we propose 
to monitor and focus mainly on the efficiency 
of investments rather than on their absolute 
values. The solution is to monitor the amount 
of investment in relation to one employee – 
when substituting labour with capital, there is 
a reduction in the number of employees (and 
thus a reduction in expenditure costs), and at 
the same time, there is an increase in labour 
productivity, which leads to higher returns and 
profitability. The higher the investment per 
employee, the higher the profit per employee.
Less efficient industries, which are much 
more dependent on the workforce (e.g., textile 
industry, furniture industry, wearing apparel, 
food production), can easily get into economic 
trouble in the long run due to fluctuations in 
economic cycles – a decrease in demand leads 
to a decrease in sales, but due to low elasticity 
on the labour market, wages do not decrease, 
which usually leads to a decrease in profit. 
This is currently evident in the coronavirus 
pandemic. Many sectors face problems 
because they have to pay wages to their 
employees, even though these employees, for 
example, do not even produce any added value 
due to government intervention. These sectors, 
such as those related to tourism and hospitality, 
are thus dependent on external interventions 
(e.g., the government in the form of subsidies 
or other guarantees, more available loans, etc), 
which will fundamentally distort the free market. 
However, for many sectors, this aid can be like 
a drug, without which they could not otherwise 
exist in a dynamic environment. Low profits 
also lead to complex provisioning. There is 
a potential lack of funds for further development 
and investment, which would allow them to 
adapt to current trends. Evidence of this is, for 
example, the current coronavirus pandemic, 
which is causing very significant losses in many 
sectors, which are an existential threat to many 
companies in various industries.
The limitation of this study is that the 
measurement of the company’s performance 
is burdened by a certain inaccuracy associated 
with the creative nature of this process. And 
there are other factors, such as the associated 
risks and transaction costs, that can affect 
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a company’s performance rating (Guerola-
Navarro et al., 2020). However, it should be 
noted that given the importance of the innovative 
process for the development of the company 
and the number of resources invested in it, it is 
necessary to measure performance in this area. 
Given the importance of the innovative process 
for the development of the company and the 
number of resources invested in it, measuring 
performance from the manufacturing industry is 
essential (Zizlavsky, 2016). Another important 
aspect that will have an impact on measuring 
the performance of companies and accelerating 
digitization and robotics is the current Covid-19 
pandemic, which will accelerate the introduction 
of new ICT and robots in companies.
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